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Introduction
Optimal order allocation by a purchaser in a multi-supplier environment has become extremely important in current supply chains. In general, order purchasing management has three principal aims: reduce acquisition costs, insure delivery punctuality and ensure quality requirements on the part of the suppliers. These aims must be aligned with and inscribed within a company's strategic framework, as well as incorporating and developing purchasing capabilities (Gonzalez-Benito, 2007) . Purchasing management aims are especially important in industrial goods production settings involving on-going product order allocation, where proper management contributes to decrease company costs.
The influence of acquired products and services (purchases) on manufacturing companies' cost structure is highly variable, and all cases, significant. In automobile manufacturers, procurement constitutes 68-79% (ICEX, 2009; Pallarés, 1997) of manufacturing costs, while in the chemicals industry, depending on the sector, procurement represents between 42% and 71% of production costs (FEIQUE, 2008) . Given this cost structure configuration, defining actions that reduce purchasing costs is strategically significant as such actions will have a direct impact on increasing profits.
For these reasons, purchasing management has a direct effect on company results, such as one of its principal aims will be minimization of procurement costs (acquired products/services). To achieve this, different strategies may be developed, one of the most important being optimal order allocation from the panel of suppliers. Optimal order allocation will be conditioned by (among other factors) existing suppliers panel previously chosen through assessment and homologation by the purchasing company.
The described scenario motivates this article, which reviews twenty-one articles published in journals indexed by Journal Citation Reports (in ISI Web of Knowledge), between 2007 and the present. The articles analysed here look at optimal order allocation from a panel of suppliers in which there is a single purchaser and N suppliers. This state of the art does not include a previous assessment and homologation of supplier.
The following section includes an analysis of those aspects that this review has revealed as determinant in generating mathematical models. Finally, in section 3, on the basis of this review of the state of the art, conclusions are drawn.
Analysis of State of the Art (since 2007)
In this present state of the art, we analyze four main aspects; (a) Aims, (b) results (variables), (c) model complexity and (d) type of resolution procedure utilized.
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Aims
The most common objective function is cost minimization (9 cases, 42.9%). There are also models that consider profit maximization (4 cases, 19%) and other eight cases (38.1%) where a multi-objective model has been developed.
Multi-objective models oscillate between two and four objective functions. In general, one of these functions is purchasing cost minimization. The other functions vary, with the most noteworthy being maximization of purchasing value and minimization of: defects, and late deliveries.
Despite the fact this state of the art only covers order allocation, it worth mentioning that six (28.6%) of the articles integrate the assessment and supplier selection phases with order allocation.
Results
In general, the purchaser has a need (demand) for Q units, and assigns to the suppliers a quantity qi (for each supplier i), such that ∑ qi = Q.
The common decision of all the articles (21 cases, 100%) are the quantities purchased from each supplier that may be accompanied by other variables: time between orders, procurement point, stock levels, quantity of final product to be produced, etc. It must be stressed that at the same time that order allocation for panel suppliers is being undertaken, some articles consider that supplier selection is also taking place, as there may be suppliers that will fill zero orders.
Model Complexity
Mathematical models are made up of one or several objective functions and a set of restrictions. The greater the number of parameters incorporated in the objective functions, and the more aspects of the purchaser's environment reflected in the restrictions, the more complete and complicated (complex). Complexity is mainly determined by two axes (Table 1) :
• Depth: this axis shows the number of stages in the supply chain presented in the model. The more stages included in the supply chain, the more complete and complex the model.
• Characteristics: Range of costs and company environment parameters introduced.
These depend on the particular characteristics of the company, the sector it belongs to, and the decisions made by the purchasing department (single-period vs. Multi-period, randomness…). The model will be more or less complex depending on the degree to which these factors are incorporated into it.
-753- Table 1 synthesizes the two above mentioned axes, such that the upper row designates the stages of the supply chain, and for each of the stages in the corresponding column, the characteristics that can be incorporated are described. Characteristics are subdivided into two categories: Costs and Company environment, in which all the costs and factors specific to each stage (in the supply chain) are detailed, as well as those factors that affect all stages in the supply chain. The depth axis is designed to reflect the articles analysed in the study. For this reason the stages in the supply chain are not enumerated. Stages such as reception logistics, storage forwarding, and shipping logistics are not specified, and whose company environment factors and/or costs have been included in columns: Purchases and Demand. In the same way, with rigor, the concept "Quality" should be general for all stages and include a wide range of factors in each stage, which one can observe how quality has been incorporated as a previous stage to that of Production. This is because in the analysed articles, quality is linked to technical usefulness (or not) of the purchased products. Aspects that are a quality parameter, such as delivery time, are included in other stages, such as Purchases. Finally, it is important to stress that the Production stage is complex, involving many company environment factors and costs. The analysed articles that include the production stage greatly simplify it. For this reason, the Production stage only reflects factors and costs described in those analysed articles.
Depth

Purchasing
Warehouse reception
Quality Production Demand
Characteristics Costs
• Procurement costs.
• Available discounts.
• Ordering costs.
• Transportation costs.
• Management costs.
• Raw material holding costs. • Reception costs.
• Selection costs 100%.
• Raw material transformati on costs.
• Finished product holding costs. 1 ) included in the model.
• Characteristics indicator is measured using the following formula:
Characteristics Indicator = Costs * 0.5 + Environment * 0.5 (1) Therefore characteristics indicator is determined 50% by costs, and 50% by the company environment described in the model. In order to measure both values Table 2 is defined.
Where for each stage in the supply chain both costs and company environment factors have been detailed, in case to be included in the model, a value of 1 is assigned. If not, the value will be 0. Regarding factors that are transversal, at all stages, multiperiodicity is assigned a value of 1. If the model is single-period, the value assigned is 0.3, and the same criteria is used regarding single or multiple product order allocation or single or multi objective functions.
By so doing, the greater complexity of models including multi variants is shown. Using the corresponding calculation, each of the articles has been plotted along the fore mentioned axes (Figure 1) . Results allow for an approach to study the dispersion of the scope covered by the analyzed models. Table 3 describes correspondence between codes and articles.
Visual analysis of Figure 1, allow 
Resolution Procedures
Model classification is carried out using two main procedures: exact procedures and heuristics procedures (heuristics). Within the firsts; 4 articles (19%) use dynamic programming, 2 articles (9.5%) linear programming, 4 (19%) mixed integer linear programming, and 1 (4.8%)
nonlinear integer programming. The heuristics are subdivided into those based on exact procedures and those that are not. In heuristics one observes that; 3 articles (14.3%) are based on mixed integer linear programming; 1 (4.8%) nonlinear programming; 3 (14.3%) non lineal integer programming; 2 (9.5%) dynamic programming; and 1 article (4.8%) based on heuristic procedures.
Conclusions
Various conclusions may be drawn from this overview of the state of the art. The most significant conclusion is the absence of an overall order allocation model in a multi-supplier environment. Partial solutions exist depending on the depth of the supply chain, as well as the costs and company environment factors considered, including particular aspects of the company and sector in question. Thus there are a wide range of approaches, and each model addresses specific characteristics, and tries to reflect the reality of the company under study.
In other cases, articles try to model specific academic hypotheses. There are also a variety of resolution procedures utilized.
While not within the scope of this state of the art, our study found a number of articles that consider techniques for creating a supplier panel.
On the basis of the state of the art analysis, new research lines have been initiated aimed at designing a comprehensive model that incorporates the entire management of the supply chain, as well as parameters that go beyond the specific area of purchasing.
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